The resistance of three silicone and one polyvinyl chloride maxillofacial materials to staining by tea, lipstick, and disclosing solution was measured by reflectance spectrophotometry. Changes in color caused by staining were larger than changes caused by color instability of the base elastomers or pigments under conditions of accelerated aging.
Introduction.
Maxillofacial appliances generally have a short life in a service environment. These appliances fail as a result of inherent problems with static and dynamic properties over varying periods of time and by color instability. These appliances are expensive to fabricate, and many patients cannot afford frequent replacement. This also taxes the facilities that are available to help these patients.
In a previous studyl the color stability of the base elastomers was evaluated under conditions of accelerated aging. All color changes observed were small considering the problems with maintaining the esthetics of maxillofacial appliances in a service environment.
In a subsequent study2 the color stability of maxillofacial pigments was measured under conditions of accelerated aging in order to understand the mechanisms of color degradation observed clinically. Of the 11 pigments studied, seven pigments demonstrated good to excellent color stability, while four of the pigments showed rather large color changes after aging. The results of that study indicated that pigments should be chosen carefully if color stability is to be achieved.
Another factor involved in color stability is the stain resistance of the base elastomers, since these appliances are frequently exposed to stains in a service environment. In fact, patients frequently will try to improve the esthetics of their appliances by the application of cosmetics.
The purpose of this study was to evaluate the staining characteristics of several maxillofacial materials by measuring the color of those materials with a reflectance spectrophotometer before and after staining. This method is similar to one described by Hill and Leonard3 in 1958 and applied to the evaluation of maxillofacial materials by Goldberg4 in 1977.
Methods and materials.
Three categories of maxillofacial materials were evaluated as described in Table  1 . The samples (3.5 mm x 4 cm x 6 cm) were prepared according to the manufacturers' instructions in aluminum molds.
Three stains were chosen to evaluate the stain resistance of the elastomers: tea, lipstick, and disclosing solution. The tea stain was prepared by dissolving 3.5 gm of tea* in 750 ml of distilled boiling water. The solution was cooled to room temperature before immersion of the samples. The samples were suspended in the tea solution, and the solution was stirred constantly during the staining sequence. With the tea stain, all materials were evaluated at ot, 1, 3, and 24 hours. The samples were washed and dried after they were removed from the tea stain and before color measurements were made. 
Results.
The results for luminous reflectance for the tea stain are shown in Table 2 . The Tukey interval among times and materials was 0.45. All materials were significantly different in luminous reflectance after 24 hours. The silicones A and C had very small changes of 0.6 and 1.2, respectively, while the polyvinyl chloride D and the silicone B had slightly larger changes of 2.8 and 4. Only two materials changed in dominant wavelength with the tea stain, and these changes were small (see Table 2 ). Product B changed from 583.8 to 582.2 nm after 24 hours of exposure to the tea stain, and D changed from 583.7 to 581.1 nm. The Tukey interval for time was 1.5 nm.
The effect of the tea stain on the excitation purity of the materials is seen in Table  2 . The Tukey interval among times and materials was 0.008. Product A did not change in excitation purity when exposed to the tea stain. Product C showed an initial decrease from 0.140 at 0 hours to 0.120 at 1 hour and then increased to 0.166 after 24 hours. The silicones B and C had similar changes in excitation purity of 0.027 and 0.026, respectively. The polyvinyl chloride D had the largest change in excitation purity after 24 hours at 0.040.
The results for luminous reflectance for the lipstick stain on the materials studied are shown in Table 3 . The luminous reflectance of all materials changed significantly after 24 hours of exposure to the lipstick stain. Product D had the smallest change at 5.5 after 24 hours, and B had the largest change at 7.6. These changes were larger than those seen with the tea stain, which ranged from 0.6 to 4.0.
The values of dominant wavelength for the lipstick stain are listed in Table 3 . The changes in dominant wavelength were large after only 1 hour of exposure to the stain ranging from 3.5 to 17.3 nm. The smallest change in dominant wavelength after 24 hours was seen with D at 18.9 nm. The largest change was observed with A which changed from 583.2 nm at 0 hours to a complementary wavelength of 509.7 nm after 24 hours of exposure to the lipstick. As expected, the dominant wavelengths moved toward the red region of the visible spectrum for all materials evaluated.
The results for excitation purity for the lipstick stain are shown in Table 3 . Products A and D demonstrated no change in excitation purity during the 24 hours of exposure to the lipstick stain. The excitation purity decreased during the test sequence for B and C. For all materials, the changes in excitation purity after 24 hours were small and ranged from 0.003 to 0.042.
The effect of disclosing solution on the Vol. S8, No. 5 The results for excitation purity for the disclosing solution are seen in Table 4 . All materials demonstrated significant changes after 1/2 hour of exposure to the stain, ranging from 0.083 for B to 0.675 for D. Product B changed 0.115 after 3 hours, while C changed by 0.377. Product D demonstrated a very large change in excitation purity after three hours of 0.777.
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Discussion.
For this study the spectrophotometer was well suited for measuring the color changes of the elastomers caused by the stains. Very small changes in color could be detected by this instrumentation.
The tea, lipstick, and disclosing solution were chosen for this study because of their diverse chemistry and proven staining characteristics. Many other stains are available, and in future studies they will be included when feasible.
The changes in luminous reflectance for the materials and stains studied were varied. Tea produced subtle but significant changes in luminous reflectance, while lipstick and disclosing solution produced much larger changes. Overall A had the smallest changes in luminous reflectance with all stains. Products B, C, and D demonstrated changes The changes in excitation purity caused by tea and lipstick were of a similar magnitude for all materials, and they were low ranging from 0.007 to 0.040 for tea and from 0.002 to 0.042 for lipstick. Disclosing solution caused large changes in excitation purity, ranging from 0.115 to 0.777.
Only lipstick was consistently effective in changing the dominant wavelength of the materials used in this study. It was interesting that A had a very large change in dominant wavelength with the lipstick stain, when it had good to excellent stain resistance with tea and disclosing solution. However, it must be pointed out that although the change in dominant wavelength was large for A, the excitation purity was very low. At a low excitation purity, large changes in dominant wavelength are not easily perceptible. Product D had the smallest change in dominant wavelength with the lipstick, but demonstrated large changes in all categories with the disclosing solution.
Interpreting the results of stain resistance of maxillofacial materials is complex and difficult. Many factors may be responsible for the staining characteristics demonstrated in this study, such as the type and percentage of fillers, the presence of plasticizers, the wettability of the material by the stain, and the chemistry of the elastomers and stains. Further research needs to be done on the mechanisms of staining, if the stain resistance of the elastomers is to be improved.
Conclusions.
Tea, lipstick, and disclosing solution were effective in testing the stain resistance of the elastomers. All of the maxillofacial materials studied had individual staining characteristics. For example, while a silicone (A) had the best stain resistance with tea and good stain resistance with disclosing solution, it demonstrated the largest change in dominant wavelength with the lipstick stain.
The changes in luminous reflectance, dominant wavelength, and excitation purity Tukey intervals (ae = 0.05) for comparisons among products and between times were 0.22 and 0.15 mg/cm2, respectively.
